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ABSTRACT

Thirteen subjects Look part in & series of 12-day runs in an experiment on the
effects of demanding work/rest schedules (4/2, 4/4, or 16/8 hours). On days 8, 9,
and 10, subjects were deprived of sleep and worked continuously. No significant
work/rest effects were seen until subjects were sleep-deprived. in general, subiectg on
the 16/7 achedule tolerated sleep deprivation better and recovered faster, 85 evidenced
by psycihomotor test scores and sleep: reporta,
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MO (REW PERFORMAMCE OM DEMANDING WORK/REST SCHEDULES
COMPOURDED BY SLEEP DEPRIVATION !

I. INTRODUCTION

Marned space flight to date provides a
somewhat mixed picture on work/rest sched-
ules. Clearly, those in-orbit tasks which relate
to ground tracks and orbit times require rela-
tively brief crew performance periods when
compared to a conventional 8-hour work day.
In the early planning for the Manned Orbiting
Laboratory {MOL), specific attention was giv-
en to crew schedules which would provide
relatively short periods of work and rest al-
ternating around the clock. Questions were
raised concerning the effect of such schedules
on crew efficiency.

The most applicable research was conducted
in the early 1960’s under Air Force sponsor-
ship. Alluisi et al. (1) obtained both per-
formance and psychophysiclogic data on
subjects who were confined for '5 or 30 days
snd followed a 4/2 or 4/4 hours (work/rest)
schedule arcund the clock. They reported
that: (1) the 4/2 schedule was feasible, but
it appeared to compromise the subjects’ ‘“per-
formance reserves”; (2) motivational factors
had a considerable impact on performance, but
apparently were less critical in the 4/4 sched-
ule; (3) there were gignificant diurnal varia-
tions in psychophysiologic measures, but these
dropped to statistically nonsignificant levels
by the 25th day; (4) performance measures
gave mixed results relative to diurnal varia-
tions; and (5, high task loads appeared to be
more sensitive to diurnal variation than
medium cor low task loads.

This work was followed by a study in which
subjects were confined for 12 days and fol-
lowed either the 4 4 or 4/2 achedule (2). On
days 6 and 7, subjects were sleep-deprived and
performed the psychomotor tasks continuously.

The study showed that: (1) learning curves
were obtained during the initia! $ Jday 8, but the
rate of learning was less for subjects on the
4/2 iedule than for subjects on the 4/4
schedule; (2) both groups suffered perform-
ance decrement during sleep deprivation, but
the decrement was greater on the 4/2 schedule
than on the 4/4 schedule; (3) diurnal varia-
tions persisted throughout sleep deprivation;
and (4} subjective alertness was degraded dur-
ing sleep deprivation, partially recovered after
the first posideprivation sleep period, and fully
recovered by the end of the first postdepriva-
tion day, with performance measures confirm-

ing these changes grosaly.

The study presented in this paper repeats
the second study reported above, with gsome
additions. The sleep deprivation period was
extended to 3 days and a 16/8 schedule was
added. These two steps were taken to look
more closely at the compromise cof “perform-
ance reserves,” which we would prefer to call
“physical reserves.”

1. METHOD

Subjects were obtained from Lackland
AFR, Tex., at the end of basic military train-
ing  They were selected from a group of
volunteers after a detailed briefing and rough
sereening, which eliminated men with a poor
medical, dental, or psychologic history, and
luw scores on the Airman's Classification Bat-
tery. They reported in groups of 4 subjects
at 6-week intervals and remained 5 weeks.
During the first week, they were given a4 com-
prehensive physical and psychologic examina.
tion.  During the second week they received
orientation and lmited familiarization on the
test eell and the psyvechomotor equipment and




asgisted in logistic preparations (picking cut  spent the fifth wee" in sdministrative process-
and aforing food supplies, e¢te.). They ing to return to Lackiand AFB, go omn con-
participated in the experiment during weeks 3 valescent leave, and (rangfer to a {echnical
and 4. They were given a physica! examinaticn  training school.

immediately after the experimentai run and

FIGURE 1

Faterior 1 icuw of the test cell.
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The test ceil consists of twn B-52 photo
pods mounted one on top of the other; for
this reason, it has been called the “double
decker iselator.” (See figure 1.) The interior
equipment and bracketry have been removed
to provide a usable volume of 750 cubic feet
in esach pod. The upstairs pod is the living
area and contains a cot, card table and chair,
stove, sink, commode, refrigerator, freezer, and
storage shelves (fig. 2). The downstairs pod
contains several pieces of psychomotor test
equipment (fig. 3). Interioy Eghting is provid-
ed by four, 16-watt, wall-mounted fluorescent
tubes in each pod. The interior walls are gray
fabric, padded. Acccs~ ¢~ +ha tap pod s
through a vertical tunnel with a ladder. Each
pod has a window-type air-conditioning unit
at one end. There are no windows or portholes.
Two closed-circuit television cameras down-
stairs and one upstairs are used to monitor the
subject. An intercom provides two-way com-
munication. The experimenter’s station is ad-
Jacent to the test cell (fig. 4).

L)

Each experimental run followed the same
general schedule. Two subjects entered the
test cell at 0730 on day 1 to prepare for the
beginning of the run at 0800. Both were on
the same work/rest schedule but with rest
periods alternated as shown in figure 8, since
only one man cciuld sleep at a time. Subjects
worked on the assigned schedule for 7 days.
At the beginning of the work period closest to
0800 on day 8, subjecis began sleep deprivation.
After 68 to 72 hours of sleep deprivation, sub-
jects returned to the assigned work/rest sched-
ule; therefore, days 8, 9, and 10 required
essentially continuous performance and no
sleep. Days 11 ard 12 were recovery days.
Subjects came cut of the test cell at 0800 on
day 13. The other two airmen were kept on
call to replace a subject who terminated, in
order to salvage the data from the subject who
continued.

The basic work block was 2 hours through-
cut the experiment. Subjects used the last

FIGURE 2

View of the interior of the upver pod (living area).




FIGURE 8
View of the interior of the lower pod (working area).

10 minutes of th1s work block to stretch, move
to another piece of equipment, and take care
of personal hygiene. Meals were eaten during
the rest period. Frozen dinners, bread, milk,
Juices, coffee, and similar items were provided.

The test devices were as follows:

1. The Complex Coordinater (fig. 6) is a
World War II device in whick a aubject
matches a target light in the x-axis and an-
other in the y-axis by moving an aircraft-type
stick and rudder, holds the match for 0.5 sec-
ond, and immediately receives a new problerm.
It is essentially a discontinuous tracking task.
The aubject’s score is the number of probiems
solved in ! hour 50 minutes.

2. The Multidipmensional  Pursuit  Test
(fig. 7) ix a late World War I device con
gidting of a section of a simplified aireraft
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cockpit with four meters on a panel, and stick,
rudder, and throttle controls. A cam-driven
signal generator drives the meter needles off
center in what appears to be a random manner.
The subject operates the controls to cent 'r the
needles. A timing circuit records on-target
time when all four needles are centered simul-
taneousiy. A cycling circuit meters out
1-minute trials and 156 gseconds of rest. The
device is a four-element compensatory tracking
task The subject’s score is cumulative time
on target in fifths of a second for 1 hour
50 minutes.

3. The Neptune (fig. 8) is a multitask
device recently developed at the USAF Schoul
of Aerospace Medicine. Fuur of the subtasks
in the battery were uded:

a.  Vigilance meters (3). Needles deflect
right or left from a center-zero. Pushing the
appropriate button returns the needle to center.

e+ G = e e




ied
‘UONIDYR 8 4 yuMLdA I 2y fu g
LARCE-SSRI K |
.. f
" NV
os - tg .u[l»v
R ’ . 3




Graphic representation of 1 day of tRhe three
work/vest schedules.

Average reaponse time in fifths of a second
is the measure of performance. The needle
deflections are programmed approximately
210 times in ! hour 50 minutes.

b. Short-term memory. Flashes occur
randomly on one of three parallel lights for
1 minute. The subject keeps count of the
flashes on each light independently and reports
these three values at the end of the minute by
Jepressing three toggle swiiches the appro-
priate number of times. The subject’'s sccre
is percentage error. Approximately 30 trisls
are programmed in 1 hour 50 minutes.

¢. Arithmetic. The subject iz presented
four one-digit numbers on Nixie *ubes ar-
ranged in a square. He adds these and then
multiplies them diagonaliy to obtain two sums.
The addition value is reported with push but-
toiis, and the multiplication value ig reported
with a selector switch, the two responses beirg
carricd out 8simultaneously. The subject’s
Score 13 average solution time. Approximately
35 probiemas are preaented in 1 hour 50 minutes.

d. Tracwing. A 30-c.p.m. sine wave Bignal
is displaved on a center-zero meter. The sub-
ject rotates a potentiometer to cancel the sine
wave and keep the .aeter needle centered. This
ig, therefore, 8 compengsicry tracking task, in
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FIGURE 6

FIGURE 7
The Multidimens mnal Pursuil
cell.

The Complex Coordinator tnsids the tesi celi.

Test inside tha tost

i
i




FIGURE 8

Thne Neptune subjcct’sn comsoele inside the tegt cell.

which a sub:ject secs only his error. The sui-
ject’s score is time-on-target in fifths of a
second, Each trial is 1 minute. Approximate-
ly 30 trials are programrmed in 1 hour 50 min-
utes.

Neptune programming i8 done with =a
punched tape and reader, and counters retord

total events (signals) per task and cumulative
response time oi errors, as appropriate.

4. The Multiple Reactivn Tome Task
(fig. 9) was developed at the USAF School of
Aervspuce Medicine. Three kinds of perform-
ance are required.  In the simplest, one of
three signal lights comes on and the subject
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FIGURE ¢

The Multiple Reaction Time device inside the test cell.

depresses the corresponding switch. This is
called “level 1. For “level 2,” twc signal
lighta come on and the subject depresses the
corresponding switches simultane asly. For
“level 3, a signal light and a red or green
light comes on. The supject uses the twe-light
information te select one of the two noncor-
responding switches, and then de¢nreass. it.
Scores for “level 4" are obtained by pooling
response times obtained on the <ther three
levels. The suuject’s scores are mean response
times from 30 minutes of testing.

5. The Complex Discrimination Reoction
Time Test (fig. 10} is a post-World War 1
task in which the subject is presented three
lights in one of four arrayson the display panel,
and decodes them to select the right switch in
four similar arrays on the response panel. The
subject’'s ascore is total pumber of problems
solved in 30 minutes. This task was us.d as
an alternate when malfunctions developed in
other equipment. The gcores were not analyzed
because there was no pattern tr ‘he Jlocks of
scorey obtained (fig. 10).

Finally, subjecls reported each morning on
their sicep for the previous 24 hours, using a
printed reporting form. Time ssicep was re-
ported in half-hour blocks on a time scale, and
questions about sieep were answered on thia
form.

8

FIGURE 10
The Compiex Discriraination Reactiors Time Task
inatde the tewt cell

No g.ysiologic or psychophysiologic data
were obtained. Medical supervision was pro-
vided by the Psychniatry Branch. Runs could
be terminated by the subjects at their request
or by the sunervising psychiatrist. The re-
lationship between sublects and the staff was
intentionally made impersonal and casusl,
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Ill. RESULTS

Ter: runs were regunired to obtain a mini-
mum ¢f 4 subjects on each of the work/rest
scheduics. Table I summarizes these ten runs
and pre=cents the reasons for the terminations.
Our svp inexperience proovably contributed as
muer ¢ the first two terminations as did the
feelii:wu of the subjects.

Scores were pooled te obtain a daily mean
on exch task for each subject. Occasional
missing scores were cstimated,; data were not
analyzed for the Multidimengional Pursuit Test
because there was an excessive number of
r.issing scores. Analyses of variance (using
the “repeated measurements” model) were per-
formed or: each task. The 12 days were divided
into three segments: (1) days 1 through 7
{basic schedule effect) ; (2) days 8, 9, and 10
(impact of sleep deprivations} ; and (3) days 11
and 12 (recovery). 7The interaction of days x
schedules provides the critical significance test,

Tabie II summarizes pr ubility levels for each
task obtained from {his interaction. Nine
tables in appendix I present the analyses.

As table II indicates, only the Muitipie Re-
action Time Task yvielded a significant inter-
action during the first 7 days. Inspection of
the data indicated that subje~ts on the 16/8
schedule performed more poorly on day 1.
During sleep deprivation, only the Complex
Coordinator yielded a significant interaction.
By d.y 10, subjects on the 16/8 schedule were
performing better than subjecits on the 4/4
schedule, and subjects on the 4/4 achedule were
performing better than subjects on the 4/2
schedule. Four tasks (vigilance, arithmetic,
tracking, and the Comnlex Coordinator) vielded
significant interactions during the recovery
period. In all four cases, subjects on the 16/8
schedule performed better than sup;scts on the
other two schedules. Figures 11 through 19
present curves on each task, with Jdaiiy means
pooled across subjects for each work, rest
aschedule.

TABLE I

Summary cf tem rung and reasons for ferminating rumns

Run Ne. ’E‘:’:;:(;:?:t Terminations
Jan. 1965 1 4/2 Day 9--one subject hud “strang» feelings.”
2 4/4 Day 5-—one subject had headaches, couid not sieep.
3 16/8& Day 9-—one subject groggy, dizzy (other subject continued).
4 /¢ Completed.
& 4/4 Completed.
6 16/8 Completed.
7 4/2 Comgleted.
8 4/4 Day 4-—one subject nauseated, depressed.
Day 6- -other subject tived.
9 4/4 Coempleted.
May 1966 10 16/8 Completed.




TABLE I

Summary of analyses of variance (days x schedules interaction only)

"Pasks Sehedule Sleep deprivation Recovery
a8 (days 1-7) {days 8 - 10) {days 11~ 12
Neptune
PN
Vigilance NS N8 - (A
Cc> B
P < .06
Arithmetic NS NS
C>A>B
P < .001
Tracking N§ NS
C>B>A
Short-term memory NS NS NS
P < 005 P < .00B
Complex Coordinator N8 c B
C>B>A >l A
P < .05%
Multiple Reaction Time m >C NS NS

A = 4/3 schedule.
B = 4/4 schedule.
C = i8/8 schedule.

38ubjects on the 13/8 rchedule performed eignificantly pooier on day 1 only and on two of the

four variations (levels) omly.
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FIGURE 11

Daily means on the Complex Coordinaior for each
work/rest schedule, with swbjects vooled.

An additional analysis of variance was per-
formed un scores from the Complex Coordina-
tor, the most stable of the tests used, to
evaluate time-of-day (diurnal) effects. The

10

day was divided into four segments: (1) 2400
to 0600 hours; (2) 0600 to 1260 hours; (3) 1200
to 1800 hours; and (4) 1800 to 2400 hours.
Subjects were pooled to cbtain a mean score
for each segment of each day. Tables III and
IV present this analysis. Time-of-day yielded
an F-ratio short of significance, aithough the
means for each segment of the day show a
progression consistent with the concept of
diurnal variation. For the reader who wants
to consider diurnal effects in more detail,
curves for each subject on the Complex Co-
ordinator will be found in appendix (I

Sieep was the second area of interest in
this study. Figure 20 shows the self-reporting
form (SAM HQ Form 0-154) used to obiain
information on sleep. Figures 21, 22, and 23
present curves for each subject on euch of the
t -ee work/rest schedules. Subjects on the
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Daily means on the vigilance task (Neptune) for
each work/rest schedule, with subjects pooled.
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Daily means on ihe tracking task (Neptune) for
each work/rest schedule, with subjects pooled.
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FIGURE 13

Daily means on the short-term memory task (Nep-
tune) for each work/rest schedule, with subjects pooled.
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FIGURE 14

Daily m-ans on the arithmetic task (Neptune) for
ecach work/rest schedule, with subjects pooled.
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Daily means on the Multiple Reaction Time Tusk,

level 1, for each work/rest schedule, with subjecta
pooled.
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FIGURE 17
Daily means on the Multiple Rreaction Tvme Task,
level 2. for swith

pooled.

cach work/reat schedule, subjects
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FIGURE 18
Daily means on the Multiple Reaction Time Task, . FIGURI:: 19 . ] i
level 8, for each work/rest schedule, with subjects Daily means on the Multiple Reaction Tine Task, :
level 4, for each work/rest schedule, with subjecta !
pooled. pooled. ‘
TABLE III 2
Analysis of variance on the Complex Coordinator, with days broken :
into four segments (all subjects pooled)
Source a1 S.Sq. M.Sq. F-ratio P 2
Day 10 6162172.18 .61622 9.05 .001 ;
Time 3 404681.61 .18489 1.98 NS “'
DxT 30 647247.05 2.1576 82 NS i
Y
Error 283 1926471151 6.8073 !
§
%
TABLE IV
Mean scores on the Complex Coordinator, with days broken into :
four segments (all subjecis pooled) ‘.
1
D: Time 1 Time 2 Time 3 Time 4 0 1
ay (2400-0600 hrs.) | (0600-1200 hrs.) | (1260-1800 hrs.) | (1800-2400 hrs.} verall mean
2 654.0 687.2 7283 800.0 7174
3 6317 T46.0 817.1 874.8 767.4
4 785.5 832.0 852.0 883.8 838.8
5 804.0 946.6 202.8 852.5 851.5
6 926.7 B! 930.6 916.6 910.2 3
7 204.7 915.1 1009 8 949.3 944.7
8 942.7 7774 877.1 888.9 871.6
9 693.8 644.0 670.7 6478 664.1
10 466.4 1362 4354 4%6.6 456.1 ‘
11 1410 BRG.2 1829 1767 846.4 {
12 825.0 1872 v34.3 839 3 8465
Overall 734.1 1386 ¥12.8 %10.6 Ti4.0 i
mean
12 ,
i
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SLEEP SURVERY

TavVH

Ay e mar, Fiead, W) enaot

SEMI AL Nl A PRI ARY YTy
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1. On the chart beiow, matk an X for asch helf hour to indicate how much you slept in the past 24 hours. Now use
the chert to show how well you slapt. Use 1 to show drowsy or light sleep, 7 to show modarate or average “loep,
and 3 10 show deep sieep. Wiite these numbers beiow the X's.

DAY TIME
#H
HOW MUCH . it
#Ow WELL 4
o %0 ogbo ) 1600 1160 1360 1960 1460 i 809 960
Noen)
r_. IR
NIGHT TR E
HOW MUCH i
*OU WELL 4
1ol 1900 no%o 2100 2200 2300 1400 0100 0200 ON 0400 oteo
Rrdni W)
2, HOW MUGCH TROUBLE DID YOU MAVE GOING TO SLEE® LAaSY MIGNT! 2. HOW MANY TIMES D10 YOU WaARE uUF
LASY NISHT?
[Jwone [Jscionr [Owcoznare [Jconsioemamie
4, MOW REBTED OC YOU FREL® . DO YOu FEEL LIKE YOU COULD
HAVE USED SOME NONE SLERPF?
wELL REST MODERATELY REST SLIGHTL Y RESTED NOT AT .
{Dwere mesveo ) Ly megsteo () [ lAu_ CYvas Cine
. HMOW NLCK OID YO DREAM LABY KMIBMY? T. HOW M Ay ODRE AME DI v OV wAVE?
[ woue Tsuieny [Jwooerave (Jconsioemams

(e

N I e

FIGURE 20
The self-reperting forw used to obtain information on sleep.
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FIGURE 21

Total alsep per day for each sudjsst om the 4/8
work/rest schedule.

16/8 schedule report the expected consistency
across days and in comparison to» each other.
Subjects on the other two schedules report
lsrge differences across days and in compavrison
tc each other.

Figure 24 shows average day-by-dsy re-
sponses to the question, “How much trouble
did you have going to sleep?” There is & curve
for each schedule. There are no obvious prob-
lemas or differences.

Figure 25 shows average responses to the
question, “How well rested do you. feel?”
Again there are no large differences, though
the subjects on the 4/2 achedule seem ‘o be
having a little more difficulty than the others
by day 8.

rigure 26 shows average responses to the
question, “Do you feel you could have used
more sleep?”  Subjecis on the 4/2 schedule
always reported “yes” to this auwestion. 7The
subjecis on the othier two schedales showed
large day-by-day diffecences.
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FIGURE 22

Total sleep pov day for each subject on the 4/4
work/rest soheduls.
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Total sleey pov day for onch endjest ox the 18/4
work/rest scAaduls.
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Aversge reaponses, cey-by-dey, to ths Juestion om
troubls going to sleep.
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FIGURE 25
Auerage responses, doy-by-day, tc the quastion on
how twell vested the subjects folt following elesp.
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FIGURE 26

Average responses, day-by-doy, io the guestion om
ths meed for mors slesp.

IV. DISCUSSION AND CONCLUSIONS

This study confirms the major finding of
the ecarlier studies on demanding work/vest
cycles. In general, subjects were able to per-
form at approximately the same level on all
three schedules when the added stress of sleep
deprivation was absent. During sleep depriva-
tion they showed a differential decrement, with
subjects on the 16/8 schedvle showing the
amaliest psychomotor decrement and an even
more substantial advantage during recovery
from slevp deprivation.

The concept of “performsance reserves”
(“phyaical reserves,” in our {erminology)
would load to the pradiction that aubjects on
& 16/8 schedule would function better during
slesip deprivation, since 18/8 is the schedule




closest to normal. Ia addition, these subjects
could have 8 hours of uninterrupted sleep; it
appears that interrupted sleep is in and of it-
self a stress, possibly because subjects do not
get the usual amounts of each stage of asleep.
In particular, subjects on the 4/4 and 4/2
schedules probably were deprived of some stage
i-REM. Dream deprivation hss been reported
to interfere with normal functioring; however,
one must consider such findings cautiouslv be-
cause of inkerent methodologic problems in
most dream deprivation studies.

‘The study also confirms the earlier finding
on dinrmal cycle effects. Alluisi et gl. {(2) re-
ported significant psychophysiologic cycling
which was confirmed only in a gross sense by
the psychomotor data. We, too, obtzined only
groas psychomotor cycling; it was not, in fact,
large enough $o be significant.

In addition, this study confirms the earlier
finding that recovery from sleep deprivation
proceeds rapidly. In general, our subjects
showed substantial improvements by the end
of the first day, even though they returned to
a demanding schedule. It should be noted,
however, that recovery was not as comp. " on
the 4/2 achedule.

Qur sleep data permit some interesting in-
ferences Subjects on the 16/8 schedule were
consistent across days and in cormparison to
each other. The other two groups exper >nced
large variations. Msrked individual o .ffer-
ences are generally considered to be a major
characteristic of sleep. Our data suggest that
individual differences in respect to sleep be-
come pronounced only when sbnormal sleep
schedules sre instituted. Tolerance for unusual

sieep schedulies may prove to be an important
consideration in selecting crews for space
flight.

Another interesting inference can be drawn
from performance during the first 7 days. All
three groups showed similar Jearning curves.
None of the subjects on the 4/4 or 4/2 sched-
ules went through a pre-experimentai adapta-
tion to the schedule. Adaptation %o unusual
duty cycles ia considered highly desirable. It
is generslly assumed that a crewman will not
function with normal efficiency until he has
adapted to his new schedule; however, there
were no signs of any interference in learning
during the first few days. Perhape some of
the sleep problems might have been avoided
with a pre-experimental adaptation period, but
we obtained no evidence that performance
suffered. Both the adaptation and cleep prob.
lems require further study.

This study has shown that: (1) all sched-
ules showed learning curves; (2) there were no
differences in performance as & function of
work/rest schedules so long as schedules were
the only experimental manipulation: (3) all
schedules showed progreasive decrement dur-
ing sleep deprivation; (4) in general, subjects
on the 16/8 achedule performed better during
sleep deprivation; {(§) all schedules showed
rapid and substaatial recovery from sleep de-
privation; (6) the 16/8 schedule provided the
best recovery; and (7) large individual dif-
ferences were seen in subjects whose schedule
required interrupted sleep. It seems clear that
unusual work-rest schedules do not compromise
concurrent performance. Instead, they deplete
the physical reserves required to meet addi-
tional challenges.
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APPENDIX

I

SEPARATE ANALYSES OF VARIANCE ON EACH TASK

TABLE IA

Analysis of variance of daily means on the Complexr Coordinator

Source df. S.Sq. M.Sg. F-ratio P
Group 2 261086.69 13054.00 0.18 NS
Error A 11 8066294.80 732390.00
Time 11 2710074.99 246370.00 36.48 < .001

Within 1 [} 1033729.26 172290.00 28.59 < .001
Within 2 2 1106020.97 553010.00 77.19 < .001
Within 3 1 294899.09 294900.00 23.16 < .001
Period 2 275426.67 137716.00 24.86 < .001
Group x time 22 1034339.37 47015.0C 6.96 < 001
Within 1 12 76482.83 6416.20 1.06 NS
Within 2 4 163477.36 40869.00 5.70 < 0056
Within 3 2 261249.17 130620.00 10.26 < .00b
\Group x period 4 5326:30.01 1:33160.00 24.04 < 001
Error B 121 81720585 6753.80
Within 1 66 39766118 6025 20
Within 2 22 157613.14 T164.20
Within 3 11 14005989 12733.00
Error P 22 121%71.33 5539.60

“With'n I refers to days | through 7 (basic schedule effect )

“Within 2 refern to daye Y. 2, and 10 (impect of sleep deprivmionn)

“Within 3 refers to daye 11 and 12 (recovery}.




TABLE IIA

Analysis of variance of daily meems on the vigilance task (Neptune)

Source df. 8.5q. M.Sq. F-ratio P
Group 2 1957.03 §78.51 0.77 N8
Exror A 11 13¢71.6% 1279.70
Time 1 3974.95 361.36 10.75

Within 1 6 319.26 63.21 3.58 < .01

Within 2 2 1108.11 554.06 10.36 < .001

Within 8 1 549,06 6549.05 28.84 < .001
P=riod 2 1998.52 999.26 12.93 < .001
Group x time 2% 1597.89 72.64 2.16 < .01

Within 1 12 191.01 15 61 1.07 NS

Within 2 4 477.44 119.36 2.23 NS

Within 3 2 487.15 243.58 12.79 < .01
Group x period 4 442,39 110.60 1.43 NS
Error B 121 4068.30 33.62

Within 1 66 981.80 14.88

Within 2 22 1176.40 §3.47

Within 3 11 209.41 19.04
Error ¥ 22 1790.59 77.30

PrR—

TABLE IIIA

Analysis of variance of daily means on the arithmetic task (Neptune)

Source d.f. S.8q. M.Sq,. F-ratio P
Group 2 23848.55 11824.00 0.67 NS
Error A 13 194713.65 17701.00
Time 11 110195.84 10018.00 5.83 < .001

Within 1 6 10745.53 1790.90 11.78 < .001
Within 2 2 20043.59 14522.00 950 < .006
Within 3 1 33686.77 33687.00 11.19 < .01
Period 2 36719.96 18360.09 3.06 NS
Croup x time 22 106840.13 4810.90 2.80 < .01
Within 1 12 3069.54 265.80 1.61 NS
Within 2 4 6974.97 1743.70 1.19 N&
Within 3 2 3160041 15800.00 5.26 < b
Group x period 4 64195.21 16049.00 2.68 NS
Erroer B 121 207842 19 1717.70
Within 1 66 13481.69 158.81
Within 2 22 3226770 1466.70
Within 3 11 3310949 3010.00
Frror P 22 13198541 6999.20
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TABLE IVA
Analygie of veriance of daily meana on the compensatory tracking task

{Neptune)

Sourc: da.2 ¥.8q. M. 8q. F.ratio P
Grouyp 2 25138.50 14668.00 0.40 NS
Error A 11 399214.09 56292.00
Time 11 88562.26 3505.70 5.86 < U0l

Within 1 [ 1982.64 330.44 0.66 NS
Within ¢ 2 13432.93 6716.50 9.32 < .01
Within 3 1 9126.08 9126.10 71.12 < .001
Period 2 14020.71 7010.40 7.02
Gronp x time 22 26678.90 1212.70 2.63 < .02b
Withia 1 12 7767.47 646.46 1.29 NS
Within 2 4 2243.18 6560.79 0.76 NS
Within 3 2 6657.84 3328.80 26.94 < .001
Group x period 4 10020.42 2506.10 2.51 Ns
Error B 121 72389.17 §98.26
Within 1 66 33166.39 6502.51
Within 2 22 16856.31 720.70
Within 3 11 1411.59 128.33
Error P 22 21956.88 998.04
TABLE VA
Axalyeis of variance of daily means or the shori-term memory task
{Neptune)

Source dft. 5.8q. M.S:;. F.ratio P
Group 2 3396.38 1698.20 0.27 NS
Error A 11 69411.93 €310.20
Time 11 12189.06 1108.10 8.89 < 001

Within 1 8 2115.12 862.52 1.86 NS
Within 2 2 1893.70 946.80 14.58 < 001
Within 3 1 1123.32 1125.80 7T.08 < 025
Period 2 7066.92 3628.50 18.01 < .001
Group x time 22 7514.20 341.58 2.16 < .026
Within 1 12 2004.06 242.00 1.34 NS
Within 2 4 178.65 44.66 0.89 N3
Within 2 421.16 £10.568 1.33 NS
Group x perioa 4 4010.38 1002.60 b.40 < 005
Eryor B 21 19181.47 15862
Within 1 88 1192306 180.67
Within 2 22 1424 62 54.94 !
Within 3 11 1744.55 169.60 !
Error P 22 28430 185.8b E

e
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TABLE VIA f

Analysis of variance of daily means on the simple reaction time task

Source d.f. S.8¢q. M.Saq. F.ratio P
Group 2 1088.85 544.43 0.96 NS
Error A g 5093.29 565.92
Time 11 T257.47 660.68 22.30 < .00b

Within 1 4 444791 741.22 29.83 < .001
Within 2 2 889.70 244.85 16.53 < .00%
Within 3 1 98.58 98.58 2.72 NS
Period 2 2031.28 1015.60 20.58 < 001
Group x time 22 745.55 33.89 1.14 N§
Within 1 12 661.06 55.09 2.21 < 05
Within 2 4 24.59 6.15 0.29 i NS
Within 38 2 24.40 12.20 03¢ | NS
Group x period 4 2549 8.87 918 | NS
Error B 08 2933.37 29.63 '
Within 1 b4 1343.07 24.87
Within 2 18 37501 20.86 I
Within 3 9 326.42 35.27 i
Error P 18 888.37 46.38% j

TABLE VIIA

Analysis of variance of daily means on the complex reaction time task

Source df. S.8q. M.Sq. F.ratio P
Group 2 458.29 229.19 0.53 NS
Error A 9 3886.26 431.81
Time 11 6649.29 GC1 48 18.88 < .001

Within 1 [ $427.65 737.94 I5.414 l < 001
Within 2 2 -63.60 2935.80 8.57 v 01
Within 3 1 5591 £5.91 , 1.54 N3
Period 2 15672.138 T86.06 I 12.92 < W01
Group x time 22 706.78 BV b 1.00 NS
Within 1 i 058527 48.78 2.34 < D&
Within 2 4 75.63 18.91 0.55 NS
Within 3 2 1.59 79 0.02 NS
Group x period 4 44.29 11.08 0.18 NS
Error B 99 317011 32.02
Within 1 34 112455 ) 20,83
Within 2 18 623.49 34.64
Within 3 9 326.56 a6y
Error ¥ 18 j 1095.01 6088

20




TARLE VIIIA

Analysis of variance of daily means on the fwo-siep reaction time task

Sourece a.f. 8.9q. M.Sq. F-ratio P
Gr v 2 861.26 430.63 0.22 NS
Error A 9 1795242 1994.70
Time 11 25038.80 2278.30 8.91 < .00
Withir 1 6 18781.76 3130.30 £.83 < .001
Within 2 2 180.30 90.15 144 NS
Within 3 1 196.77 196.77 392 N8
Period 2 5880.03 2946.00 12.89 < .00
Group x time 22 4361.54 19%.80 0.%7 N3
Within 1 12 3149.49 262.45 0.72 NS
Within 2 4 435.00 108.75 1.73 NS
Within 3 2 86.81 42.90 0.86 NS
Group x period 4 681.35 170.33 0.76 NS
Error B 99 25282.19 255.38
Within 1 54 19594.29 362.86
Within 2 18 1129.29 62.74
Within 3 g 452.17 50.24
Error P 18 4106.44 228.14
TABLE IXA

Analysis of variance of daily means on all forms of
reaction time, combined

Source d.f. S.8q. M.Sq. F-ratio P
Group 2 759.31 379.95 0.22 NS
Error A 9 15370.32 1707.80
Time 11 51797.36 4708.90 10.43 < .001

Within 1 6 39377.92 6563.00 10.00 < .001
Within 2 2 186.58 93.29 0.86 NS
Within 3 1 217.68 217.68 3.85 NS
Period 2 12015.68 6007.80 15.93 < 001
Group x time 22 8396.69 381.67 0.85 NS
Withiu 1 12 6497.11 541.43 0.82 NS
Within 2 < 483.81 120.85 1.12 NS
Within 3 | 2 186.42 93.21 1.65 NS
Group ¥ period 4 1229.35 307.34 0.82 NS
Error B 99 44693.24 4b1.45
Within 1 64 35451.14 666,60
Within ¢ 18 1946.29 108.i3
Within 3 9 HOB.TY 56.63
Error P 18 6787.03 377.06




APPENDIX II

INDIVIDUAL PERFORMANCE CURVES ON THE COMPLEX
COORDINATOR FOR EACH SUBJECT DURING EACH
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